Abstract. The pulse signal is not only expressed as superposition of harmonic component, but also can be decomposed to the corresponding harmonic component. In this study, we designed an experimental simulation for make students learn knowledge of the signal process, which as a continuous cycle rectangular pulse signal, the function of relationship on harmonic component amplitude and duty cycle was discussed. Meanwhile, based on the simulation analysis and Fourier analysis, the relationship curve of duty cycle and harmonic component amplitude of rectangular pulse signal was given, and a new technique about changing harmonic amplitude or eliminating some or other harmonic component based on pulse duty cycle was proposed. The parsing circuit model of second-order active band-pass filter, by setting the center frequency of narrow-band band-pass filter circuit, decomposed the harmonic component of rectangular pulse signal under the given duty cycle with the method of simulation experiment. The results also showed that harmonic component amplitude of rectangular pulse signal could be changed in the form of sinusoidal function, by adjusting the duty cycle. When the duty cycle and amplitude of rectangular pulse signal were at the same time, its higher harmonic order component and harmonic amplitude were the same.
Introduction
In order to improve the experimental knowledge of students, we design this experiments in EDA simulation courses. Any periodic function satisfying Dirichlet condition can be expressed by Fourier series. It means that periodic functions can be expressed as the superposition of trigonometric functions [1] . In the electrical research, when we analyzed the characteristic information of periodic pulse signal, the pulse signal is used to be expressed as the superposition of harmonic components with Fourier series. Obviously, the function of different signals has their characteristic mathematics expression, and their harmonic components will be distinguished. Thus, Fourier transform is usually used to analyze the amplitude-frequency characteristics and phase-frequency characteristics of signals [2] . For a given periodic pulse signal, if its harmonic components can be directly analyzed, it is helpful to understand the analysis and processing methods of the signal. Generally, the technique of wave synthesis is relatively simple. According to the superposition principle of Fourier series, the signals with any frequency and amplitude, can be synthesized to produce a continuous pulse signal [3] . Pulse signals can also be fitted into analog signals. For example, when analog signals are synthesized with the aid of digital technology, the pulse-width-modulation technique of rectangular wave is often used to transform digital signals into analog signals. The decomposition of waves is relatively complicated, such as the analysis of harmonic components by impulse signals. For the pulse signals with harmonic components, it is generally known that the filter circuits with different center frequencies are used to decompose synchronously [4] . Further, based on any pulse signals with its uncertain harmonic component, it is very difficult to analyze the harmonic component using synchronous decomposition method. In some case, it is impossible to determine the central frequency of the filter circuit. As we know, although rectangular wave is a simple pulse signal, we still cannot directly give its harmonic component based on its Fourier series expression. However, previous research shows that the relationship between duty cycle and fundamental frequency of pulse signal is given in study of the sensitivity relationship between duty cycle and photoelectric sensor [5] , which provides a research foundation for expressing the harmonic components of rectangular wave with duty cycle parameters.
The electrical characteristics of pulse signal are usually described by amplitude, period or frequency, pulse width and pulse edge hopping time. The duty cycle is the ratio of the high level duration to the period of the periodic rectangular pulse signal. When the amplitude and period (or frequency) of the pulse signal are determined, the duty cycle is one half of the square wave signal, and its harmonic component is only presented as odd multiple frequency harmonic component. There is a functional relationship between the duty cycle and the harmonic component, and the duty cycle can be used as a parameter to express the relationship between pulse signal and its harmonic components [6] . In the signal processing and transmission, there is a certain natural frequency in the processing circuit. When harmonic components of the processed signal are equal to the natural frequency, the processing circuit will resonate with this harmonic, which results in distortion of the signal. Therefore, study of the relationship between duty cycle and harmonic component of pulse signal, can not only predict the harmonic component of pulse signal, but also be conducive to the analysis of harmonic component of pulse signal. Moreover, it will be very helpful for students to understand the signal process in this experiment. Here, in this simulation experiment, based on the second-order active band-pass filter as an analytical circuit model and continuous period rectangular pulse signal as an object, we apply the harmonic component of rectangular pulse signal to analyze the influence of duty cycle on the amplitude of harmonic component of electric pulse [7, 8] . When the duty cycle is a certain value, the amplitude of a particular harmonic component can be made to be a specific value, even the amplitude of a certain frequency component is zero. This experiment determines that the interference signal of a specific frequency can be filtered by adjusting the duty cycle of pulse signal.
Relationship between Pulse Duty Cycle and Harmonic Component of Rectangular Wave
If the high-level pulse width of the continuous-period rectangular pulse signal is τ, the pulse period is T; the angular frequency is ω; and the signal amplitude is E. The Fourier series of the triangular function form of the continuous-period rectangular pulse signal u(t) can be expressed as [9] :
In Eq. 
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n n E U n  (4) The Eq. 4 shows that when k is an integer, the component of the harmonic signal does not exist. Eq. 4 is presented as relationship between the amplitude of harmonic component and duty cycle of continuous periodic pulse signal. Obviously, changing the duty cycle of pulse signal can result in modification of the voltage amplitude of harmonic signal, whose results are shown in Fig. 1 . With the aid of Eq. 4, we can predict the amplitude of harmonic component of pulse signal by a duty cycle. Based on changing the duty cycle parameters of pulse signal, in order to change the amplitude of harmonic components or eliminate specific high-order harmonic signals, the Fourier series provides a theoretical foundation for filtering interference signals. 
Harmonic Component Analysis Circuit Simulation

Analysis Circuit Design of Band-pass Filter
The analytical circuit can be designed with a band-pass filter. The band-pass filter can pass through the signal in a certain frequency range, and attenuate the signal of other frequency components to a low level when its frequency band is narrow [10] . Fig. 2 is a two stage band-pass filter schematic with a central frequency of 80kHz as the analytical circuit. The analytic circuit is composed of low pass filter and high pass filter, including signal generator XFG1, RC element, integrated operational amplifier circuit, baud tester XBP1, oscilloscope XSC1. The signal generator XFG1 can output continuous-period rectangular pulse signal with 40 kHz, whose duty cycle can be adjusted in the range of 0-100% with 2 mV amplitude(V P ). The capacitance of this simulation circuit is designed as 1000pF. At this case, the resistance of this simulation circuit at different harmonic components are analyzed shown in Table 1 . By changing the duty cycle of periodic pulse signal, based on change of output voltage waveform with oscilloscope generated by XSC1, the relationship between duty cycle and amplitude of harmonic signal is determined. 
Analysis of Harmonic Components Using Band-pass Filter
In the experiment of analyzing the harmonic component of rectangular pulse signal, the voltage amplitude of the signal generator is working at 2 mV and 40 kHz. When the duty cycle is 30%, the voltage waveforms of different harmonic components are shown in Fig. 3 . In Fig. 3 , voltage waveform of the fundamental component is shown in Fig. 3(A) ; the voltage waveform of the second, third and fourth harmonic components are shown in Fig. 3 (B,C&D) respectively; and the rectangular waveform of the signal generator is shown in Fig. 3(E) . The simulation results suggest that the components of the harmonic components are consistent with the theoretical predictions. 
Conclusion
According to the theoretical derivation, circuit simulation and experimental analysis, when the amplitude and frequency of continuous period pulse signal are constant, the amplitude of harmonic component will be changed with duty cycle in a sinusoidal manner. When duty cycle is a certain value, it can make the amplitude of a certain double-frequency component be zero. It means that a certain double-frequency component can be filtered out. This method can be used to improve the reliability of pulse circuit signal transmission by changing the duty cycle of pulse signal, as well changing the amplitude of harmonic or eliminate a certain harmonic. Based on the second-order active band-pass filter as the analytical circuit model, the harmonic components of rectangular pulse signal with specific duty cycle are analyzed by setting the center frequency of narrow band-pass filter circuit, which can be used to detect and identify the characteristic information of pulse signal. This experiment is important and helpful for students to learn the knowledge of signal process.
